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The  anticorrosion  quality  of  oils  is  one  of  its  most  impor¬ 
tant  operational  qualities  because  it  determines  to  a  considera¬ 
ble  degree  the  corrosion  and  wear  of  engine  parts.  The  corro¬ 
sion  qualities  of  oils  are  usually  evaluated  by  the  unit  losses 
of  the  weight  of  the  lead  plates  (grams  per  square  meter)  when 
the  oil  is  oxidized  in  the  Pinkevich  instrument  (GOST  5162-49), 
the  DK-2  instrument  KAMI  /Sentral  Scientific  Research  Institute 
of  Automobiles  and  Automobile  Engines/  (GOST  8245-56)  or  the 
P' r>  instrument  (GOST  13300-67).  To  compare  the  most  widely  used 
methods  of  evaluating  the  corrosion  qualities  of  oils,  the  NIIAT 
/S fate  Scientific  Research  Institute  of  Automotive  Transporta¬ 
tion/made  laboratory  tests  on  a  number  of  oils  with  and  without 
additives  on  the  DK-2  instrument  and  the  PZZ  instrument. 

The  oil  oxidation  conditions  in  these  two  methods  differ 
rreatly  with  temperature,  time  of  test,  intensity  of  mixing, 
the  presence  of  a  catalyzer,  and  the  amount  of  air  supplied. 
Therefore,  the  speed  and  extent  of  the  oxidation  and  the  oxi¬ 
dizing  polymerization  of  oil  should  also  differ  greatly. 

The  tests  in  the  DK-2  method  wero  r"  *<■  »+  l40°C  for  25  hours 
and  with  an  0.02 %  catalyzer,  copper  nap.' 

The  tests  in  the  PZZ  method  were  made  for  two  hours  at  150°C 
for  oils  without  additives  and  at  200°C  for  oils  with  additives; 
velocity  of  oil  circulation,  125  liters  per  hour  and  amount  of 
air  supplied,  50  liters  per  hour. 
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The  comparative  results  for  various  oils  with  and  without 
additives  (Table  1)  show  that  the  methods  considered  differ  con¬ 
siderably  not  only  in  the  absolute  values  of  the  evaluated  cor¬ 
rosion, but  also  in  the  evaluation  of  the  various  oils. 

Thus,  for  the  majority  of -oils  there  is  observed  a  consid¬ 
erably  greater  unit  loss  in  the  weight  of  the  lead  plates  under 
DK-2  conditions  than  under  PZZ  conditions.  Only  two  oils  are 
exceptions  and  they  contain  antioxidizing  DF-11  additive  for 
which  both  methods  give  a  similar  evaluation.  It  may  be  seen 
from  Table  1  that  on  the  DK-2  instrument,  oils  without  additives 
are  evaluated  about  the  same  as  the  majority  of  oils  with  addi¬ 
tives,  except  that  the  presence  of  the  DF-11  additive  reduces 
Sharply  the  corrosive  qualities  of  oils. 

In  the  Pzz  instrument,  on  the  contrary,  oils  without  addi¬ 
tives  are  considerably  more  corrosive  than  oils  with;  oils  with 
DF-11  differ  little  from  oils  with  other  additives. 

To  clarify  the  possible  causes  of  the  variations  uncovered 
in  evaluating  oil  oy  the  DK-2  and  PZZ  methods,  changes  in  other 
quality  indicators  of  oils  occurring  in  their  process  of  oxida¬ 
tion  in  the  DK-2  and  PZZ  were  investigated.  For  this  purpose, 
samples  of  oil  after  oxidation  were  analyzed  for  the  following; 
kinematic  viscosity  at  100°C,  accumulation  of  oxidation  prod¬ 
ucts  (total  content  of  impurities)  and  the  hydrogen  indicator. 

Table  2  shows  the  results  of  investigations  of  four  samples 
of  oils.  In  order  to  obtain  more  reliable  results,  each  indi¬ 
cator  is  the  average  of  not  less  than  four  independent  tests. 

The  data  in  Table  2  indicates  that  along  with  the  large 
spread  in  the  evaluation  of  the  corrosion  qualities  of  the  oils 
by  the  DK-2  and  PZZ  methods,  there  are  also  considerable  differ¬ 
ences  in  the  extent  of  oil  oxidation. 

As  an  example,  we  will  consider  AS-8  oil  with  the  3 .5%  VNII 
NP-360  additive.  The  corrosion  for  this  oils  was  1 1 5  grams  pp^ 
square  mater  in  the  DK-2  instrument  and  0.3  grams  per  square 
meter  in  the  PZ7 .  The  oxidation  process  in  the  Pzz,  as  shown 
by  the  data,  occurs  more  intensively  than  in  the  DK-2  instru¬ 
ment,  Thus,  for  oxidation  in  the  PZZ,  the  kinematic  viscosity 
increases  2.1  centistokes,  the  content  of  contaminants  (oxida¬ 
tion  products)  increases  to  1,0#,  and  the  hydrogen  indicator 
decreases  by  units.  The  oxidation  of  the  same  oil  in  the 
DK-2  instrument  increases  the  viscosity  only  0,06  centistokes, 
the  content  of  contaminants  increases  0.23%,  and  the  hydrogen 
indicator  decreases  by  2.5  units. 
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Translator's  Notei  AzNII  /Azerbaydzhan  Scientific  Research  Petro¬ 
leum  Institute  imeni  V.  V,  Kuybyshev/. 

INKhP  i[  Institute  of  Petrochemical  Processes/ 

VN11  KP  /All-  Union  Scientific  Research  Institute  of  the  Petro- 
elurn  Industry/,  j 


7  --  AS-6  Baku  oil  with  %  AzNII-8u  additive i  8  —  AS-6  Baku 
with  2.6$  BFK,  1 SB- 3  and  1.2$  INKhP-21  additive? 

9  —  AS-6  Eastern  oil  with  %  SK-11 ,  1.2$  DF-ll  additive? 

10  --  AS-6  Eastern  oil  with  3*5#  ASK,  1.2$  DF-ll  additive? 

11  —  AS -8  Eastern  oil  with  3.5$  VNII  NP-360  additive? 

12  —  DS-8  Eastern  oil  without  additive?  13  —  AK-10  Baku  oil 
without  additive?  14  —  AS -10  Baku  oil  with  5$  AzNII -8u  addi¬ 
tive;  15  --  AS -10  Eastern  oil  with  3*5$  VNII  NP-360  additive? 

16  —  AS-9.5  Eastern  oil  with  IP-22K  additive. 

The  same  difference  in  the  nature  of  the  change  in  the 
quality  indicators  of  the  oil  when  oxiiized  in  the  DK-2  and  Pzz 
instruments  is  observed  also  for  other  samples  of  oils.  Thus, 
the  extent  of  oxidation  of  the  AS-6  oil  with  5$  AzNII-8u  addi¬ 
tive-  is  shown  in  the  P77  instrument  by  an  increase  in  viscosity 
of  2.8  centistokes,  an  increase  in  total  contaminants  of  2.2$, 
and  a  decrease  in  the  hydrogen  indicator  by  5  units,  while  in 
the  DK-2  these  arc  0,18  centistokes,  0.17*$  and  1.9  units  re¬ 
spectively. 
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Keyi  1  —  Change  in  oil  indicators  after  oxidation  in  the  DK-2 
and  V7JL  instruments;  2  —  number |  3  —  oil  samples;  4  —  test 
method;  5  --  corrosion,  grams  per  square  meter;  6  —  kinematic 
viscosity  at  100°C,  centistoke;  ?  —  impurity  content,  %\ 

8  --  hydrogen  pH  indicator;  9  —  before  oxidation;  10  —  after 
oxidation;  11  --  increase  in  viscosity;  12  —  reduction  in  the 
pH;  13  —  AS -8  Eastern  oil  with  3.5 %  VNII  NP-360;  14  —  AS-6 
Baku  oil  with  2,6%  BFK+1.4*  SB-3+1. 2%  INKhP-21 ;  15  —  AS-6 
Eastern  oil  with  3#  SK-11+1,2#  DF-11;  16  —  AS-6  Baku  oil  with 
%  AzNII-8ut  1?  —  increase  in  contamination;  18  —  DK-2j 
19  —  F 7.7  . 

Thus,  in  comparing  the  results  of  the  corrosion  evalua¬ 
tion  and  the  analyses  of  oils  in  the  DK-2  and  Pzz  instruments, 
it  follows  that  there  is  a  greater  corrosion  of  the  control 
plates  with  considerably  less  oxidation  of  oils  in  the  DK-2  in¬ 
strument  than  in  the  PZZ* 

The  suggestion  may  be  made  that  the  difference  in  the  ex¬ 
tent  of  oxidation  may  be  the  cause  of  the  differences  observed 
in  the  loss  of  the  lead  plates.  The  accumulation  of  a  large 
amount  of  oil  oxidation  products  in  the  PZZ  instrument  leads  to 
the  formation  of  tar  films  on  the  surface  of  the  lead  plates 
which  prevent  corrosion  processes.  The  appearance  of  the  lead 
plates  after  oil  oxidation  confirms  this  because  the  plates  are 
covered  with  a  film  varying  in  color  from  yellow  to  brown. 

The  additional  effect  of  tar  films  on  the  evaluation  of 
the  corrosion  qualities  of  oil  can  be  confirmed  by  the  following 
data. 
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Keyt  1  —  Results  of  the  determination  of  the  corrosion  of 
fresh  and  regenerated  AS-8  oil  with  3*5#  VNII-NP-360  in  the 
DK-2  instrument;  2  —  number;  3  —  oil  samples;  4  --  length  of 
test,  hours;  5  amount  of  corrosion,  grams  per  square  meter; 

6  --  kinematic  viscosity,  centistoke;  7  —  impurity  content,  %; 
8  --  hydrogen  pH  indicator;  9  —  before  oxidation;  10  —  after 
oxidation;  ll--increase  in  viscosity;  13  —  fresh  oil;  14  —  re¬ 
duction;  15  --  AS-8  commercial  oil  with  3*5#  VNII  NP-360  addi¬ 
tive;  16  —  AS-8  regenerated  oil  with  3*5$  VNII  NP-360, 


Table  3  shows  results  of  oxidation  in  the- -DK-2  in¬ 
strument  of  fresh  and  regenerated  AS-8  oil  with  a  3*5#  VNII  NP- 
360  additive.  The  corrosion  of  the  regenerated  oil  was  3*6 
grams  per  square  meter  and  of  fresh  oil,  115  grams  per  square 
meter.  The  other  oxidation  indicators  (changes  in  viscosity, 
contaminant  content  and  pH)  of  the  oils  being  compared  varied 
very  little.  Table  3  also  shows  oxidation  data  for  10  and  25 
hours  for  both  oils.  For  about  the  same  nature  of  oxidation, 
a  sharp  jump  in  corrosion  was  observed  in  the  fresh  oil  and  on¬ 
ly  a  small  increase  in  the  regenerated  oil.  The  reason  for 
these  differences  is  the  considerable  content  of  tar  compounds 
in  the  regenerated  oil  which  form  protective  films  on  the  lead 
plates  after  several  hours  of  oxidation. 

The  results  of  the  determination  of  corrosion  in  AS-8 
oil  with  a  3, %  VNII  NP-360  additive  removed  from  the  engine 
of  a  car  after  operating  9,000  and  18,000  kilometers  also  con¬ 
firm  the  formation  of  protective  films  of  oil  oxidation  prod¬ 
ucts. 


The  lead  plates  were  found  to  be  covered  with  a  brown 
film  which  could  not  be  removed  by  benzine  and  there  was  an 
increase  in  the  weight  of  the  plates  from  0,6  to  1.2  milligrams 
rather  than  a  decrease  in  weight. 
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An  analysis  of  the  results  of  several  oil  samples  when 
oxidized  in  the  DK-2  and  Pzz  instruments  makes  it  possible  to 
compare  the  corrosion  qualities  of  oils  with  the  change  in  other 
indicators  and  compare  the  two  methods  for  evaluating  the  cor¬ 
rosion  properties  of  the  oils. 

For  the  four  oil  samples  shown  in  Table  2,  curves  were 
plotted  on  Fig,  1  for  the  relationships  between  the  changes  in 
the  viscosity,  increase  in  contaminants  and  the  pH  at  the  end 
of  oxidation  in  each  instrument,  and  the  value  of  the  corrosion 
indicator  by  the  DK-2  and  the  PZZ  methods.  The  numbers  on  the 
chart  are  the  numbers  of  the  oils  in  Table  2. 

In  spite  of  the  limited  test  data,  it  is  possible  to 
note  the  presence  of  general,  almost  linear,  relationships  be¬ 
tween  the  considered  indicators  and  the  value  of  the  corrosion, . 
In  both  methods,  the  increase  in  corrosion  is  related  to  the 
rise  in  viscosity  and  contaminants  although  for  oxidation  in 
the  DK-2  instrument,  the  viscosity  and  the  contaminants  in¬ 
crease  very  little,  while  in  the  PZZ  instrument  they  increase 
considerably. 

The  relationship  between  the  pH  and  the  amount  of  corro¬ 
sion  is.  of  a  different,  nature.  In  the  PZZ  instrument,  as  could 
be  expected,  oils  v/ith  a  smaller  pH  are  very  corrosive,  while 
an  inverse  relationship  is  observed  in  the  DK-2.  In  both  dia¬ 
grams,  the  investigated  oils  are  located  in  a  similar  sequence. 
The  reason  for  the  anomalous  relationship  between  the  pH  indi¬ 
cator  and  the  amount  of  corrosion  in  the  DK-2  instrument  remains 
unexplained. 

In  Fig.  2,  an  attempt  was  made  to  check  the  correlation 
between  similar  oil  indicators  obtained  when  oxidized  in  both 
instruments.  The  solid  line  in  each  of  the  four  diagrams  cor¬ 
responds  to  the  full  coincidence  of  oil  indicaters  in  both  me¬ 
thods.  With  the  exception  of  the  corrosion  indicator  which  has 
a  scale  for  the  DK-2  one-fifth  of  that  for  the  PZZ-,  the  scales 
for  all  other  indicators  are  the  same  and  the  line  of  coinci¬ 
dence  of  the  evaluations  has  a  45°  angle.  Broken  lines  connect 
test  points  for  the  corrosion  indicator  for  ten  oil  samples 
(Table  1)  and, for  four  samples, (see  Table  2)  for  other  indica¬ 
tors. 


Thus,  there  is  a  nearly  linear  relationship  in  both  me¬ 
thods  for  all  indicators,  The  corrosion  causes  a  greater  loss 
by  two-three  orders  of  magnitude  in  the  weight  of  the  plates  in 
the  DK-2  method  while  for  the  other  indicators  (increase  in  vis¬ 
cosity,  increase  in  contaminants  and  reduction  in  pH),  the  PZZ 
method  causes  greater  changes  approximately  7,  12  and  four  times 
respectively. 
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Fig.  1,  Correlation  curves  between  the  corrosion  indicator 
and  the  extent  of  oil  oxidation  indicator  in  DK-2  (a)  and  the 
P 7.7  (b)  instruments. 

Key*  1  —  increase  in  viscosity,  centistokes  2  —  pH  after 
oxidation;  3  --  increase  in  contaminants;  fo;  4  —  corrosion, 
grams  per  square  meterj  5  —  A  Pr. 


The  comparison  shows  that  the  DK-2  method  causes  a  more 
intensive  corrosion  of  the  plates  but,  at  the  same  time,  does 
not  cause  an  essentially  smaller  change  in  the  other  oil  oxida¬ 
tion  indicators. 

The  data  cited  concerns  oils  with  additives  shown  in 
Tables  1  and  2.  Oils  without  additives  have  a  certain  anomaly 
which  follows  from  the  correlation  diagram  of  the  corrosion 
indicator  where  two  points  corresponding  to  these  oils  lie 
considerably  below  the  curve  for  oils  with  additives. 

The  oil  oxidation  obtained  in  the  two  instruments  makes 
it  possible  to  trace  the  general  relationship  between  the  basic 
oil  oxidation  indicators.  Fig,  3  shows  the  test  relationship 
between  the  increase  in  viscosity,  the  increase  in  contaminants 
and  the  value  of  the  pH  at  the  end  of  oxidation,  and  between 
the  increase  in  contaminants  and  the  increase  in  viscosity. 

Each  point  corresponds  to  an  average  value  of  four  independent 
determinations. 
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Fig.  2.  Diagram  of  correlation  between  similar  oil  evaluation 
indicators  when  oxidized  in  the  DK-2  and  PZZ  instruments i 
a  --  corrosion,'  b  —  change  in  viscosityi  c  —  contaminant 
accumulation;  d  —  change  in  pH. 

Key«  1  —  oxidized  in  DK-2;  2  —  oxidized  in  PZZ;  3  —  corro¬ 
sion,  grams  per  square  meter;  4  —  increase  in  contaminants, 

5  —  increase  in  viscosity,  centistokes;  6  —  decrease  in  the 
pH. 


The  diagrams  in  Fig.  3  make  it  possible  to  state  that 
there  is  an  essential  relationship  between  the  considered  oil 
oxidation  indicators  which  is  independent  of  the  type  of  oil  and 
the  method  of  oxidation.  It  will  be  possible  to  establish  the 
types  of  these  relationships  when  further  data  is  accumulated. 


Conclusions 

On  the  basis  of  comparing  the  results  of  the  determina¬ 
tion  of  oil  corrosion  by  the  two  methods  using  copper  naphthen- 
ate  as  a  catalyst  in  the  DK-2  instrument,  and  the  analyses  of 
oil  samples  taken  after  the  determination  of  corrosion  in  the 
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film  of  oxidation  products  on  the  surface  of  the  plates  which 
prevents  further  corrosion  of  the  plates. 

4.  The  considered  methods  for  the  determination  of  cor¬ 
rosion  do  not  give  an  objective  evaluation  of  anticorrosion 
qualities, 

5.  The  conclusions  drawn  confirm  the  necessity  for  im¬ 
proving  the  considered  methods  or  of  developing  new  methods 
for  evaluating  anticorrosion  qualities  of  oils  which  would  re¬ 
flect  their  actual  qualities  exhibited  under  actual  car  engine 
operating  conditions  and  making  it  possible  to  evaluate  the  ac¬ 
tual  operating  anticorrosion  qualities  of  oils. 


